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Childhood-Onset Schizophrenia: Brain MRI Rescan
After 2 Years of Clozapine Maintenance Treatment
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Objective: The effect of clozapine on striatal morphology was examined in adolescents with
childbood-onset schizophrenia. Method: Fight adolescent patients with onset of psychosis
before age 12 and eight matched comparison subjects bad initial and 2-year follow-up brain
magnetic resonance imaging scans. Basal ganglia and lateral ventricle volumes were measured.
The patients were on a clozapine regimen during the 2-year interim. Results: Caudate volume
was larger in the patients at the initial scanning, decreased in the patients between scans, and
did not differ significantly between the patients and the comparison subjects at the second
scanning. Conclusions: Caudate enlargement in patients with childbood-onset schizophrenia
who are taking typical neuroleptics appears to be secondary to medication exposure. Rescan-
ning to examine basal ganglia morphology is indicated for these patients when they are taking

an atypical neuroleptic.
(Am ] Psychiatry 1996; 153:564-566)

everal magnetic resonance imaging (MRI) brain
morphologic studies (1-7) and one neuropatho-
logical study (8) have found increased basal ganglia vol-
umes (caudate, putamen, and globus pallidus) in adults
with schizophrenia. While the etiology of enlarged ba-
sal ganglia is unclear, growing evidence suggests that
chronic treatment with typical neuroleptics may be re-
sponsible, leaving obscure the relationship to disease
process (2, 3, 6). Keshavan et al. (2) found increased
caudate volume in 11 previously treatment-naive
schizophrenic patients when they were treated with
typical neuroleptics. Chakos et al. (3) found caudate
volumes decreased in eight schizophrenic subjects first
scanned while receiving typical neuroleptics and then
while receiving clozapine maintenance treatment; there
was caudate enlargement in a contrast group who con-
tinued treatment with typical agents. The data of
Chakos et al. suggest that dopamine D, receptor effects
of typical neuroleptics may be responsible for enlarged
basal ganglia.
In a systematic brain MRI study of 21 patients with
childhood-onset schizophrenia chronically treated with
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typical neuroleptics (9), our group found brain abnor-
malities similar to those seen in adults, including signifi-
cantly smaller brain volume and a trend toward en-
larged lateral ventricles. We also found robust increases
in basal ganglia volume (p=0.05 for the caudate,
p=0.007 for the putamen, and p=0.0002 for the globus
pallidus according to analysis of covariance with total
cerebral volume as the covariate).

As part of a clozapine treatment trial (10), eight of
these patients with childhood-onset schizophrenia and
eight matched comparison subjects had 2-year follow-
up scans to examine changes in basal ganglia. We hy-
pothesized that basal ganglia volume would decrease
for our patients who were maintained on a regimen of
clozapine during the 2-year interim. In addition, be-
cause a recent follow-up study (11) showed a differen-
tial increase in ventricle volume over time, we further
speculated that our early-onset group, with a possibly
more pronounced brain insult, might be likely to show
such progression,

METHOD

Patients aged 6-18 years who had treatment-refractory schizo-
phrenia, diagnosed according to DSM-III-R, and who had a full-scale
IQ of 70 or above were recruited nationally for a double-blind com-
parison of haloperidol and clozapine (10). Eight patients {seven male
and one female) had two MRI scans, the first while they were inpa-
tients and the second at 2-year follow-up. The mean age of this group
on admission to the National Institutes of Health was 15.1 years
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(§D=2.3); their mean age at onset of psychosis was 10.5 years (SD=
1.3). The mean duration of typical neuroleptic therapy before the first
scan was 24.8 months (SD=19.4). All eight patients were taking clo-
zapine at the time of the second scan (mean dose=400 mg/day, SD=
128.9, range=200-600). Two patients were taking clozapine only; six
were taking one or two concomitant psychotropic medications, in-
cluding fluoxetine, valproic acid, and haloperidol (only one patient
was taking haloperidol, 1 mg/day).

Eight comparison subjects (mean age=15.4 years, SD=3.1) matched
for age, sex, and handedness also had scans. There was no ditference
hetween the group of patients and the comparison group in height,
weight, or Tanner stage. Screening procedures for the comparison
subjects have been reported elsewhere (9, 12). At 2-year rescan, com-
parison subjects had no change in medical, neurologic, or psychiatric
status.

Assent was obtained from the adolescents and written informed
consent from the parents. The protocol was approved by the institu-
tional review board of the National Institute of Mental Health.

Identical scanning methodology and the same scanner were used
for the initial scanning and the rescanning, as described clsewhere (9,
12, 13). A General Electric 1.5-T Signa scanner with a three-dimen-
sional spoiled gradient imaging sequence {TE=5 msec, TR=24 msec,
flip angle=45°, acquisition matrix=192x256 pixels, number of exci-
tations=1, field of view=24 cm) was used to obtain T{-weighted im-
ages with a slice thickness of 1.5 mm in the axial plane and 2.0 mm
in the coronal plane.

Neuroradiology reports indicated a focal increased signal in the
left frontal white matter of one schizophrenic patient at time 1 and
a probable small cranial fossa arachnoid cyst in another patient at
time 2.

The image analysis technique is described elsewhere (9, 12). Mo-
tion artifact prevented subcortical measurements for one patient.

Methods of measurement are also described elsewhere (9, 12). Im-
aging was done blind to diagnosis and time of scan. Intraclass corre-
lation coefficients ranged from 0.84 to 0.99 (12).

To examine differences between the patients and comparison sub-
jects at times 1and 2, t tests and two-way (diagnosis by time) repeated
measures analysis of variance were used. Given our hypotheses, the p
values reported for these follow-up data are one-tailed.

RESULTS

At time 1, in this subset of follow-up patients with
childhood-onset schizophrenia, the mean volume of the
caudate was larger than that of the comparison subjects
(t=1.75, df=14, p=0.05). There was no significant dif-
ference between the groups in the volume of the pu-
tamen, globus pallidus, or ventricles at time 1.

The patients had a decrease in caudate volume be-
tween scans 1 and 2 as compared to the comparison
subjects (figure 1). Of note, at time 2 there was no dif-
ference in caudate volume between the two groups.
Similarly, the putamen decreased in volume over time
in the patients; however, the difference did not reach
statistical significance (figure 1). The globus pallidus
decreased equally in both groups (for time, F=21.74,
df=1, 13, p=0.0002). The volume of the lateral ventri-
cles increased in the patients, but this difference did not
reach statistical significance (figure 1).

There was no significant correlation between changes
in ventricle volume and volumes of the caudate and the
putamen.

Clinically, all patients, even the two with relative ven-
tricle enlargement from scan 1 to scan 2, continued to
show some improvement while taking clozapine during
the 2-year interval.
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FIGURE 1. Caudate, Putamen, and Ventricie Volumes of Patients
With Childhood-Onset Schizophrenia (N=7) and Matched Compari-
son Subjects (N=8) at Baseline and at 2-Year Follow-Up?
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DISCUSSION

To our knowledge, this is the first brain MRI rescan
study of adolescents with childhood-onset schizophre-
nia. In our smail study group we replicated the finding
of Chakos et al. (3) of a decrease in caudate volume
during clozapine maintenance treatment. Our data ex-
tend this finding by suggesting a similar result for the
putamen, although our numbers were too small to
reach significant conclusions. Unexpectedly, the globus
pallidus decreased in both the patients and the compari-
son subjects; this is puzzling, as our cross-sectional nor-
mative data do not indicate morphologic change in this
structure in this age range (12).

Presumably, the drug-related increase in caudate vol-
ume at time 1 was secondary to the medication effect of
typical agents. Microscopic effects of typical neuro-
leptics have been found in the rat corpus striatum (14,
15), with normalization upon medication washout
(15). The decrease in caudate volume in our patient
group during clozapine treatment suggests that future
imaging studies of early-onset patients treated with
atypical agents may allow for clearer study of basal
ganglia development in childhood-onset schizophrenia.

Although not statistically significant, and based on
only two subjects, there was a potential finding of dif-
ferential ventricle enlargement in our group with child-
hood-onset schizophrenia (figure 1). While one of these
subjects was unremarkable with respect to demo-
graphic characteristics and history, the second subject
was the child of a mother with many obstetrical com-
plications. This subject also presented premorbid fea-
tures of pervasive developmental disorder. A prospec-
tive 4-year rescan MRI study of 20 first-episode
patients (11) found increased ventricle volume in con-
trast to five comparison subjects. While our possible
finding of increased ventricle volume over time is based
on two individuals, rescan of a larger group would be
of great interest to determine whether our childhood-
onset schizophrenia group has a greater proportion of
these cases and may provide more clues about the na-
ture of the disorder (neurodegenerative versus neuro-
developmental). We are increasing the number of re-
scans to address this question further.

566

[S¥]

~1

10.

11.

13.

14,

REFERENCES

. Flkashef AM, Buchanan RW, Gellad F, Munson RC, Breier A:

Basal ganglia pathology in schizophrenia and tardive dyskinesia:
an MRI quantitative study. Am J Psychiatry 1994; 151 :752-755

. Keshavan MS, Bagwell WW, Haas GL, Sweeney JA, Schooler

NR, Pettegrew JW: Changes in caudate volume with neuroleptic
treatment (letter). Lancet 1994; 344:1434

. Chakos MH, Lieberman JA, Alvir J, Bilder R, Ashtari M: Cau-

date nuclei volumes in schizophrenic patients treated with typical
antipsychotics or clozapine (letter). Lancet 1995; 345:456-457

. Swayze VW II, Andreasen NC, Alliger R}, Yuh WT, Ehrhardt JC:

Subcortical and temporal structures in affective disorder and
schizophrenia: a magnetic resonance imaging study. Biol Psy-
chiatry 1992; 31:221-240

. Jernigan TL, Zisook S, Heaton RK, Moranville JT, Hesselink JR,

Braff DL: Magnetic resonance imaging abnormalities in lenticu-
lar nuclei and cerebral cortex in schizophrenia. Arch Gen Psy-
chiatry 1991; 48:881-890

. Chakos MH, Licberman JA, Bilder RM, Borenstein M, Lerner G,

Bogerts B, Wu H, Kinon B, Ashtari M: Increase in caudate nuclei
volumes of first-episode schizophrenic patients taking antipsy-
chotic drugs. Am ] Psychiatry 1994; 151:1430-1436

. Breier A, Buchanan RW, Elkashef A, Munson RC, Kirkpatrick

B, Gellad F: Brain morphology and schizophrenia: a magnetic
resonance imaging study of limbic, prefrontal cortex, and cau-
date structures. Arch Gen Psychiatry 1992; 49:921-926

. Heckers S, Heinsen H, Heinsen YC, Beckmann H: Cortex, white

matter, and basal ganglia in schizophrenia: a volumetric post-
mortem study. Biol Psychiatry 1991; 29:556-566

. Frazier JA, Giedd JN, Hamburger SD, Albus KE, Kaysen D, Vai-

tuzis AC, Rajapakse JC, Lenane MC, McKenna K, Jacobsen LK,
Gordon CT, Breier A, Rapoport JL: Brain anatomic magnetic
resonance imaging in childhood-onset schizophrenia. Arch Gen
Psychiatry {in press)

Frazier JA, Gordon CT, McKenna K, Lenane MC, Jih D,
Rapoport JL: An open trial of clozapine in 11 adolescents with
childhood-onset schizophrenia. ] Am Acad Child Adolesc Psy-
chiatry 1994; 33:658-663

DeLisi LE, Tew W, Xie S, Hoff AL, Sakuma M, Kushner M, Lee
G, Shedlack K, Smith AM, Grimson R: A prospective follow-up
study of brain morphology and cognition in first-episode schizo-
phrenic patients: preliminary findings. Biol Psychiatry (in press)

2. Giedd JN, Snell J%, Lange N, Rajapakse JC, Kaysen D, Vaituzis

AC, Vauss YC, Hamburger SD, Kozuch PL, Rapoport JL: Quan-
titative magnetic resonance imaging of human brain develop-
ment: ages 4-18. Cereb Cortex (in press)

Giedd [N, Kozuch PL, Kaysen D, Vaituzis AC, Hamburger S,
Bartko JJ, Rapoport JL: Reliability of cerebral measures in re-
peated examinations with magnetic resonance imaging. Psychia-
try Res: Neuroimaging 1995; 63:1 13-119

Benes FM, Paskevich PA, Davidson J, Domesick VB: The cffects
of haloperidol on synaptic patterns in the rat striatum. Brain Res
19853 329:265-274

. Roberts RC, Gaither LA, Gao XM, Kashyap SM, Tamminga CA:

Ultrastructural correlates of haloperidol-induced oral dyskine-
sias in rat striatum. Synapse 1995; 20:234-243

Am ] Psychiatry 153:4, April 1996




